Background: Nonalcoholic fatty liver disease (NAFLD) is correlated with low-grade inflammation and dietary habits. Until today, there have been limited epidemiologic data assessing the role of diet's inflammatory potential on NAFLD. The aim was to evaluate the relationship between an anti-inflammatory diet, as reflected by the Dietary Anti-Inflammation Index (D-AII), and NAFLD among cardiovascular disease (CVD)-free adults. Methods: ATTICA is a prospective, population-based study that recruited 3042 adults without pre-existing CVD from the Greek population (Whites; age ⩾18 years; 1514 men and 1528 women). D-AII was calculated using a standard procedure. The baseline study captured various sociodemographic, lifestyle and clinical characteristics as well as hepatic markers. These were used to calculate four NAFLD assessment indices: triglyceride-glucose (TyG) index, fatty liver index (FLI), hepatic steatosis index (HSI), and NAFLD Fatty Liver Score (NAFLD-FLS). Specific cutoffs were applied to capture NAFLD. . Anti-inflammatory nutrition was related to lower odds of NAFLD among daily alcohol drinkers and individuals with metabolic syndrome. Conclusions: Anti-inflammatory diet is an important predictor of NAFLD among adults without pre-existing CVD. Adherence to a high anti-inflammatory diet seems to contribute to NAFLD prevention.
Introduction
Hepatic steatosis is classified as a nonalcoholic fatty liver disease (NAFLD) and is a liver lipid storage condition. 1 NAFLD is the most frequent liver disease in the general Western populations, with a prevalence of 20-40%. 2, 3 NAFLD is accompanied by various comorbidities, mostly nutrition-related, that affect health status and quality of life. 4 Among them are noted dyslipidemias, diabetes mellitus, obesity, and central obesity as well as insulin resistance and metabolic syndrome. 5, 6 The gold standard method for NAFLD assessment is biopsy; however, this procedure typically is undertaken only for severe liver disease, 7 as it is time consuming, expensive, and often unavailable for outpatient clinical practice. For this reason, well-defined indices have been reported in the literature measuring NAFLD and hepatic steatosis with high sensitivity and accuracy, including the fatty liver index (FLI), 8 hepatic steatosis index (HSI), 9 NAFLD-Fatty Liver Score (NAFLD-FLS), 10 and triglyceride-glucose (TyG) index. 11 Although it is widely accepted that healthy dietary patterns and lifestyle changes (weight loss, physical activities) are associated with hepatic health, 12, 13 there is still lack of evidence on the role of healthy nutrition in the prevention of NAFLD. Furthermore, it remains unclear whether diet quality and its improvement could prevent NAFLD development. 14 Light alcohol consumption is still controversial; however, the frequent recommendation is total alcohol abstinence 15 to help resolve NAFLD. In addition, the risk of NAFLD has reported high incidences of several disorders (i.e. coeliac disease), and specific dietary patterns appear beneficial. 16 Recently well-designed studies have reported the effect of the Mediterranean diet as a therapeutic option for NAFLD, 17 mostly through its beneficial role in the metabolic pathways of NAFLD development. Inflammation is highly related to NAFLD 18 due to the liver fat presence associated with the synthesis of inflammatory markers. Recent evidence has shown that major inflammatory markers such as C-reactive protein (CRP) and interleukins (ILs) are increased in diagnosed individuals with NAFLD and nonalcoholic steatohepatitis (NASH). 19, 20 Although low-grade inflammation, NAFLD and the inflammatory potential of nutrition have interrelated pathways, only one study has described the beneficial effect of the inflammatory potential of dietary patterns (as an holistic approach) in liver status, specifically in overweight and obese populations. 21 Given the complexity of NAFLD, its association with cardiometabolic health and inflammation, and the overall lack of data among European and other international populations, the primary aim of the present work was to evaluate the relationship between adherence to an anti-inflammatory diet (D-AII) and NAFLD (as expressed by four indices) in the ATTICA study baseline cohort. The second aim was to assess the association between D-AII and NAFLD in alcohol drinkers and in individuals with metabolic syndrome.
Methods

Study sample
ATTICA is a prospective population-based study that was conducted in the greater metropolitan area of Athens, Greece, and included a sample of 78% urban and 22% rural population. Participant enrolment took place in 2001-2002, 22 with two follow-up waves after 5 years (in 2006) and 10 years (in 2012). Random, multistage sampling based on the age and gender distribution of the reference population, as defined by the Hellenic National Statistical Service Census Survey of 2001, was applied. Sampling procedures anticipated enrolling only one participant per household, while institutionalized individuals were excluded from study participation. Of the 4056 invited individuals at baseline, 3042 agreed to participate (75% participation rate). Participants were interviewed by trained personnel using standard questionnaires. Participants were excluded if they had cardiovascular disease (CVD) at baseline based on a detailed clinical evaluation by the physicians of the study. The examination was performed in the individuals' homes or workplaces. The ATTICA study was approved by our Institutional Ethics Committee and conformed to the ethical guidelines of the 1975 Declaration of Helsinki, with all participants providing written informed consent.
For the purposes of this study, we analysed information from the baseline wave only (crosssectional analysis), due to the lack of crucial data for the assessment of NAFLD in the follow-up waves.
Measurements
The baseline evaluation included information about demographic characteristics (age, sex), personal and family history of hypertension, hypercholesterolemia and diabetes, family history of CVD, dietary and other lifestyle habits (i.e. smoking status and physical activity). In the present analysis, a participant's exposure to smoking over time was defined through pack years. The evaluation of the dietary habits was based on a validated semi-quantitative food-frequency questionnaire (FFQ), 23 24 For the ascertainment of physical activity status, the International Physical Activity Questionnaire (IPAQ) was used. 25 Waist circumference was measured in the middle between the lowest rib and the iliac crest using an inelastic measuring tape to the nearest 0.5 cm, and the waist-to-hip ratio was calculated. Body mass index (BMI) was calculated as weight (in kilograms) divided by standing height (in meters squared). Obesity was defined as BMI greater than 29.9 kg/m 2 . Arterial blood pressure (3 recordings) was measured at the end of the baseline physical examination in a sitting position after resting for at least 30 minutes. Participants whose average blood pressure levels were greater or equal to 140/90 mmHg or were under antihypertensive medication were classified as having hypertension. Blood samples were collected from the antecubital vein between the hours of 8 a.m. and 10 a.m., with the participants seated, after 12 hours of fasting and alcohol abstinence. Total serum cholesterol, HDL-cholesterol and triglycerides were measured using the chromatographic enzymic method in a Technicon RA-1000 analyser (Dade Behring, Marburg, Germany). In addition, fasting insulin, alanine transaminase (ALT), aspartate transaminase (AST) and gamma-glutamyl transferase (GGT) were measured using standard biochemical procedures. Hypercholesterolemia was defined as total cholesterol levels greater than 200 mg/dl or the use of lipid-lowering agents. Blood glucose levels (mg/dl) were measured with a Beckman Glucose Analyzer (Beckman Instruments, Fullerton, CA, USA). Diabetes mellitus (type 2) was defined according to the American Diabetes Association diagnostic criteria (i.e. blood glucose levels greater than 125 mg/dl classified participants as having diabetes).
The calculation of the dietary inflammatory load of a participant's diet was according to the methodology and the rationale of the Dietary Inflammation Index (DII), previously proposed by Shivappa et al. 26 Thus, a Dietary AntiInflammation Index (D-AII) was developed based on participants' dietary habits. 27 Participants were classified either as having metabolic syndrome (MetS) or not, as defined by the National Cholesterol Education Program Adult Treatment Panel III (NCEP ATP III, revised 2005). MetS presence was defined if three or more of the following metabolic syndrome components were present: waist circumference of ⩾102 cm for males or ⩾88 cm for females; triglyceride level of ⩾150 mg/dl; high-density lipoprotein (HDL) cholesterol level of <40 mg/dl for males or <50 mg/dl for females; blood pressure of ⩾130/85 mmHg; fasting blood glucose ⩾100 mg/dl. 28 Hepatic steatosis was evaluated using the following four indices and applying specific cutoffs:
1. HSI is an evaluating index of NAFLD and was calculated using the following formula: HSI = 8 × (ALT/AST ratio) + BMI (+2, if female; +2, if participant has diabetes mellitus). Participants with HSI measurements of >36 were categorized in the hepatic steatosis group. 9 2. FLI is an index assessing hepatic steatosis and was calculated using the following formula: 29 32 with recent reports of its use to screen liver steatosis. 33 The TyG index was calculated using the following formula:
A TyG cutoff of 8.5 was used to categorize those with hepatic steatosis. 
Statistical analysis
Results
The sample size was 3042 participants (men: n = 1514; women: n = 1528) with mean age of 45 ± 14 years old. Sociodemographic, lifestyle and bioclinical characteristics of the study participants, by D-AII tertiles, are presented in Table 1 . Participants grouped in the highest D-AII tertile were younger, more likely to drink alcohol, educated, and had a high socioeconomic level (all p < 0.02). In addition, participants in the highest D-AII tertile group had better hepatic health presenting lower values of hepatic damage (NAFLD) as expressed by TyG, HSI, and FLI, while they had greater NAFLD-FLS (all p < 0.001).
The aforementioned comparisons were prone to residual confounding; therefore, multi-adjusted logistic regression analysis was performed between the four different indices of NAFLD and D-AII ( lower the participant's odds of having NAFLD with metabolic syndrome or consuming daily alcohol drinks. To the best of the authors' knowledge, this is the first study to evaluate the association between D-AII and various noninvasive NAFLD indices using a general, CVD-free, European population. These results underscore the importance of anti-inflammatory dietary patterns in relation to NAFLD and the public health actions that should be taken to improve hepatic health in Western populations.
NAFLD and healthy eating habits are interrelated through systemic inflammation and metabolism as well as through therapeutic dietary interventions for weight loss. Various diet schemas have been proposed in hepatic steatosis such as diets in low carbohydrates and increased protein intake that have shown a fast and high reduction of liver fat. 34 In some cases, intake of meat and dairy products have been related with increased liver diseases. 35, 36 Despite the well-known intercorrelation between a diet's inflammatory load and a body's systemic inflammation, so far only one study, using as sample overweight and obese individuals, has reported the association between NAFLD and a diet's inflammatory potential. 21 The ATTICA applied analysis reported a robust and consistently beneficial effect of an antiinflammatory diet to NAFLD using all four hepatic health indices (TyG, FLI, HSI, and NAFLD-FLS), in accordance with the aforementioned. This analysis is the first of its kind implementing diverge metrics to illustrate the major effect of adherence to anti-inflammatory diet in hepatic health.
To further explore the effect of anti-inflammatory nutrition on NAFLD, the D-AII grouped in tertiles (first tertile was reporting pro-inflammatory diet, and third tertile reported anti-inflammatory diet). In the applied regression analysis, it was reported that in all four hepatic health metrics, only the third tertile of D-AII was protective against NAFLD. The intermediate D-AII tertile (second) was related with lower odds of NAFLD using all indices except the TyG index, where there was no significance. This could be explained because the TyG index was created primarily to detect insulin resistance/sensitivity 37 and diabetes risk, 37 and only recently it has been proposed as a sensitive metric to assess NAFLD. 33 Previous studies have noted that consuming certain foods, such as cereals, legumes, potatoes, and low-fat dairy, is inversely related to NAFLD. [38] [39] [40] Adopting the Mediterranean diet has been inversely related with hepatic steatosis. 41 Foods rich in monounsaturated and polyunsaturated fatty acids and antioxidants and flavonoids also are inversely related with NAFLD, possibly due to the high beneficial effect of their antioxidant and anti-inflammatory components in the hepatic inflammation pathway. 42 Based on this understanding, a food's antioxidant capacity, inflammatory, and metabolism interrelated pathways might explain the reported association between the highest D-AII tertile and NAFLD.
Although individuals with NAFLD have no symptoms, salient nutrition-related cardiometabolic risk factors coexist, such as insulin resistance, obesity, diabetes mellitus, and metabolic syndrome. 5, 43 Specifically, researchers have proposed that NAFLD could be the liver's manifestation of metabolic syndrome, due to the interaction in both conditions of abnormal levels in insulin resistance, adipokines, cytokines, and inflammatory markers. In the study's sample, obesity rates were low among all D-AII tertiles, compared with other European and Mediterranean populations older than age 45. 44 This detail could aid the interpretation of this study's results. In addition, although recent epidemiologic data report that a low-to-moderate consumption of alcohol could be beneficial for those with NAFLD, 45 typical guidance cites full alcohol abstinence 46 so the liver can recuperate more quickly. ATTICA's stratified analysis emphasized among those with metabolic syndrome or daily alcohol drinkers has shown the consistent beneficial effect of an anti-inflammatory diet even among these cases.
Western populations suffering from NAFLD experience poor quality of life with increased cardiometabolic risk. In the coming years, NAFLD is expected to be the leading cause of hepaticrelated morbidity and mortality. 47 Already it is the main indicator for orthotopic liver transplantation (OLT). 48 These known associations, coupled with an ageing Western populace witnessing an obesity epidemic with metabolic syndrome, raise the call for early nonpharmacological measures to promote hepatic health. Future studies are needed to evaluate the effect of anti-inflammatory dietary habits to NAFLD longitudinally.
Strengths and limitations
The present study has a major strength. It is the first study that evaluated the association between D-AII and NAFLD of a large sample of CVDfree adults, testing the aforementioned, in four noninvasive NAFLD metrics. Among limitations, it should be acknowledged that the baseline/entry study examination was conducted once and, hence, may be susceptible to a degree of measurement error. The assessment of dietary habits using the FFQ as a tool is known for certain biases. In addition, in our analysis, a number of continuous variables were transformed and used as binary items and were lost some information variance. In addition, despite the fact other types of liver diseases or drugs (i.e. antibiotics) 49 are associated with hepatic steatosis, the survey did not include a detailed assessment on these items and, for this reason, have not been used as confounders in the applied regression models. The calculation of TyG, FLI, HSI, and NAFLD-FLS were based on population equations that might underestimate or overestimate the actual prevalence of NAFLD. However, it has been reported that these formulas were validated and present good agreement with the classical methods of NAFLD measurement [magnetic resonance spectroscopy (MRS) or ultrasonography]. 30, 33 In addition, these kinds of indices have been used in other European cohorts, such as the Brisighella Heart Study. 50 In addition to these NAFLD formulas, liver ultrasound 51 or magnetic resonance (MR), 52 and other measures such as blood indices and/or FibroScan (Echosens, Waltham, MA, USA) are considered essential for NAFLD diagnosis. Therefore, the method of NAFLD diagnosis in this study is not completely in line with current recommendations, and some participants might not have been diagnosed with NAFLD in 2019. Finally, some participants might be miscategorized as having NAFLD, although they did exhibit NASH. However, for this assessment, other liver fibrosis markers were needed that were not applied in this study.
Conclusions
The present work evaluated the role of antiinflammatory diet on NAFLD of adults without pre-existing cardiovascular disease. It is of major interest now to study the anti-inflammatory burden of diet to better understand its role on hepatic health. Throughout this study, the consistent relationship of D-AII with all the noninvasive indices of NAFLD has been highlighted. A consistent inverse association between D-AII and NAFLD among individuals with metabolic syndrome and daily alcohol drinkers was also shown.
